Maltopentaose-producing microorganismswere screened from a wide variety of sources. A bacterium which produced maltopentaose as the mainproduct from a culture mediumcontaining soluble starch was isolated from soil and identified as Bacillus cereus from its morphological, physiological, and biochemical properties. The culture conditions for the production of maltopentaose were investigated. The optimum mediumconsisted of 2.5 to 8%soluble starch, 1.5% peptone, and 0.25% NaCl. Under the optimumconditions of cultivation, the ratio of maltopentaose produced was in the range of 29 to 47%to the residual sugar.
Numerousstudies have been reported on production of glucose or maltose from starch. However, there are only a few on producing a specific kind of maltooligosaccharide from starch. Maltopentaose (G5) is now widely used, for example, as a substrate for the determination of serum amylase and has heretofore been prepared by hydrolysis of starch or amylose by various amylases.1'R ecently we isolated a bacterium which could digest soluble starch and produce G5 effectively in the culture medium. This paper deals with characterization of this bacterium and its optimum culture conditions for G5 production.
MATERIALS AND METHODS
Materials. Soluble starch and dextrin were purchased from Kanto Kagaku Co., Ltd. Maltose, maltotriose, short chain amylose (DP= 17), pullulan (M. W. 9.4x 105), and pullulanase were obtained from Hayashibara Biochemical Research Lab., Inc. Maltotriose was further purified by gel filtration on a Toyopearl HW-40S column (75.5cmx
4.4cmx2, Toyo Soda Manufacturing Co., Ltd.) before use. Maltotetraose, maltopentaose, maltohexaose, and maltoheptaose were purchased from Nihon Shokuhin Kako Co., Ltd. Amylopectin was obtained from the Sigma Chemical Co. All other chemicals were obtained from the usual commercial sources.
Microorganismused. The bacterium used in this study was Bacillus cereus NY-14, which was isolated from sbil in our laboratory.
Identification
of the bacterium. Morphological, physiological, and biochemical studies on the bacterium were done by the methods described in "Biseibutsu no Bunrui to Dootei"3) and "Handbook of Microbiology". 4) The results were analyzed with reference to "Bergey's Manual of Determinative Bacteriology", 8th ed.5)
Cultivation method. The mediumcontaining appropriate concentrations of soluble starch, peptone, and NaCl was sterilized at 120°C for lOmin. The strain was cultured in a test tube (2.1cm diameter by 21cm length) containing 10ml of the mediumat an appropriate temperature with shaking (250rpm) for 24hr. After incubation, the cells were removed from the culture broth by centrifugation at 15,000rpm (27,300 x g) at 4°C for 20min. Then the culture filtrate was assayed for the amount of maltopentaose produced. For the study of the course of maltopentaose production, 100ml of medium was used in a 500-ml
Erlenmeyer flask.
f Studies on Production ofMaltopentaose by Bacillus cereus NY-14. Part I. Part of this work was presented at the Annual Meeting of the Agricultural Chemical Society of Japan, Tokyo, 1984. Symbols: Gls G2, G3 à" à" à" etc. are glucose, maltose, maltotriose à" à"à"etc.
B5 is "branched" maltopentaose containing a single 1,6-a-linkage. DP; average degree of polymerization.
Analytical methods. The amounts of total sugar and reducing sugar of the culture filtrate were measured by the phenol-sulfuric acid method6) and the dinitrosalicylic acid (DNS) method"0 with glucose as a standard, respectively. Growth of the cells was estimated by photometrical absorbance at 660 nm in a 1-cm cell after 10-fold dilution of the culture using distilled water. 0.5ml of a 1% aqueous solution of pullulan, 0.48ml of distilled water, and 0.01 ml of 0.5 m phosphate buffer (pH 6.5) was incubated at 30°C for 5min. Then 0.01 ml of the enzyme solution, properly diluted, was added to the substrate and allowed to react 30°C for 30min, and the amount of reducing sugars produced was measured by the Somogyi9)-Nelson10) method with maltotriose as a standard.
One pullulanase unit was defined as the amount that liberated 1 fivaol of maltotriose per min under the above conditions.
Pullulanase treatment of maltopentaose. Pullulanase solution (0.01ml, 0.153units) was added to 0.99ml of the substrate solution consisting of 0.5 ml of maltopentaose aqueous solution (50mg/ml), 0.48ml of distilled water, and 0.01ml of 0.5m phosphate buffer (pH 6.5). After standing at 30°C for 24hr, the reaction solution was heated for 5min to stop the enzyme action and filtered through a membrane filter. Twenty /il of the samples was deionized with Amberlite MB-3 resin and injected into the HPLC.
RESULTS

AND DISCUSSION
Characterization of the isolated bacterium.
The isolated bacterium is gram-positive, aerobic, rod-shaped (2-3 x 1 /mi), has endospores which are not appreciably swollen, has no flagella, and produces catalase. Therefore we concluded that this bacterium belongs to the genus Bacillus. Physiological and Course of G5 production by B. cereus NY-14. The course of G5 production was investigated using a medium containing 5% soluble starch or short chain amylose (DP= 17), 1.5% peptone, and 0.25% NaCl. The cultivation was done in 100ml of medium for 96hr at 30°C with shaking. Figure 1 (a) shows G5 production using soluble starch as a substrate. During the ex.-ponential phase of growth, the G5 content increased and reached a maximumafter about 24hr; at that time the ratio of G5 to the residual sugar was 37.2% and to the initial sugar was 21.2%. Then the G5 content decreased during the stationary phase of growth.
In this case, maltooligosaccharides except G5 were very low. of growth, reached a maximumafter about 30hr and then the ratio ofG5 was 39.3% to the residual sugar and 30.4% to the initial sugar.
With short chain amylose (DP=17), maltooligosaccharides contents other than G5 were relatively high during all the period of cultivation.
From these results, it was concluded that G5 could be produced efficiently in the medium by B. cereus NY-14.
Effects of various carbon sources on G5 production The effects of various carbon sources on G5 production were examined. The mediumcontained 2.5% of a polysaccharide, 1% peptone, and 0.5% NaCl at pH 8.0. Cultivation was for 24hr at 30°C with shaking. As shown in Table   II , it was observed that G5 contents decreased in the order of soluble starch>amylopectin >short chain amylose (DP=17)>dextrin. As G4 and G6 were very difficult to separate from G5 in preparative chromatography, only the amount of these two oligosaccharides are shown in the tables. We at- produced to the residual sugar because its separation and purification from other maltooligosaccharides is easier. Table III shows the effect of soluble starch concentration in the mediumon G5 production. The mediumconsisted of an appropriate concentration of soluble starch, 1%peptone, and 0.5% NaCl at pH 8.0. Cultivation was for 24hr at 30°C with shaking. As shown in Table Table III soluble starch was suitable for G5 production.
Effects of nitrogen sources on G5 production The effects of nitrogen sources such as peptone, meat extract, yeast extract, corn steep liquor, milk casein, casamino acids, ammonium acetate, sodium nitrate, urea, and monosodium glutamate were examined. Among these various nitrogen sources, peptone and meat extract were the best for the production of G5; peptone was the most reasonably priced. The effect of the concentration of peptone in the mediumis shown in Table  IV . The medium consisted of 2.5% soluble starch, an appropriate concentration of peptone, and 0.5% NaCl at pH 8.0. Cultivation was for 24hr at 30°C with shaking. The maximumpercentage of G5 produced to the residual sugar was observed at 1.5% peptone.
Effects of concentration of NaCl on G5 production The effects of the concentration of NaCl on G5 production were examined. The medium contained 2.5% soluble starch, 1%peptone, and an appropriate concentration of NaClat with shaking. The results are given in Table V . The maximumpercentage of G5 produced to the residual sugar was observed at 0.25% NaCl.
Effects of the initial pH on G5 production The initial pH of the medium containing 2.5% soluble starch, 1% peptone, and 0.5% NaClwas adjusted to various values with 1 n HC1or NaOHsolution. Cultivation was for 24hr at 30°C with shaking. Better cell growth was found in the range between pH 6.0 and 9.0. As shown in Table VI , the effective initial pHfor G5production was in the range of 6.3 to 9.0. Whenthe pH was below 6.0, the cell growth and G5 production were both poor. soluble starch, 1% peptone, and 0.5% NaCl. Effects of cultivation temperature on G5 production For determinating the optimum temperature for the production of G5, the test tubes containing the culture mediumwere incubated in a temperature gradient shaker at different temperatures for 24hr. The mediumconsisted of 2.5% soluble starch, 1% peptone, and 0.5% NaCl at pH 8.0. As shown in Table VII, G5 was produced between 20°C and 37°C, and the highest percentage of G5 produced to the residual sugar was at 30°C and the highest amount was obtained at 37°C. Whenthe temperature was below 20°C or over 37°C, both the cell growth and G5 production were very poor.
G5 Production
under optimum culture conditions Optimum culture conditions are summarized in Table VIII . Under these conditions, G5 content to the residual sugar was in the range of29 to 47%.
Estimation of B5 content in G5 preparation Separation and purification of G5 from the culture filtrate could be done by suitable known techniques.
The amount of B5 was estimated from the contents of Gl5 G2, G3, and G4 produced by treatment with pullulanase of the G5 preparation. Analytical data showed G5 and B5 were more than 99% and less than 1%, respectively. (HPLC chart is not shown.)
In this way, cultivation of B. cereus NY-14 enabled us to massproduce G5from soluble starch. The mechanismof the specific accumulation of G5 in the culture medium will be reported in later papers.
